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APOLLO 9 SPACECRAFT OPERATIONAL DISPERSTON ANALYSTS

VOLUME I - DISPERSION ANALYSIS SUMMARY

By Anne Accola

SUMMARY

The spacecraft dispersion analysis for the Apollo 9 mission is

presented in this document. This dispersion analysis comprises Volume I
of the Apollo 9 Spacecraft Operational Dispersion Analysis. Volume II

was published as MSC IN 69-FM-35, and Volume IV was published as

MSC IN 69-FM-T. To obtain the data presented in this document, the:
mission was simulated with an analytic Monte Carlo program. The
effects of navigation uncertainties, performance and platform errors,
and retargeting were included.

In the case of the rendezvous, analysis of the data reveals that
several preliminary mission limits have been exceeded. The 3¢ TPI
time variation of *U4 minutes 8 seconds violates the constraint that
TPI be no earlier than 3 minutes 30 seconds. The problem can be
alleviated by use of the time option instead of the elevation angle

option in the TPI program for those cases which violate the constraint.

Several limits on the difference between PGNCS and MSFN solutions
have been violated, and new limits are suggested.

Although orbital dispersions for the APS burn to depletion are
large, these dispersions should not provoke unnecessary concern. The

external AV targets have been biased sufficiently to guarantee propellant

depletion.

No unreasonable trajectory dispersions result from the SPS and
DPS burns. There is a very slight possibility that SPS-1 will not
be a short burn. It could easily be forced to be short with minor
impact on the following maneuvers. Reentry deviations are considered

e - am 2] ——A A A e —~n
small and Y esent no pr oblemn. A propellant summary for the major

maneuvers indicates that dispersions are within the allowable budgets.



APS
CDH
CSsI
CsM
DPS
g.e.t.
LM
IMU
MccC
MCC-H
MSFN
oT

PGNCE

RCS
RTCC

S-IVB

SM

SPS
TLI
TPF

TPI

NOMENCLATURE

ascent propulsion system
constant differential height
concentric sequence initiation
command and service modules
descent propulsion system
ground elapsed time

lunar module

inertial measurement unit
midcourse correction

Mission Control Center - Houston
Manned Space Flight Network
operational trajectory

primary guidance, navigation, and
control system

reaction control system
Real-Time Computer Complex

fourth stage of the Saturn V launch
vehicle

service module

service propulsion system
translunar injection
terminal phase finalization

terminal phase initiation




INTRODUCTION

This document is the first volume of the series entitled "Apollo 9
Spacecraft Operational Dispersion Analysis." Volume II of the series,
"Rendezvous Dispersion Analysis', was published as MSC IN 69-FM-35
(February 1969). The fourth volume, "Navigational Error Analysis",
was compiled by David Dvorkin and was published as MSC IN 69-FM-T
(January 1969).

This dispersion analysis was performed in three parts: the
rendezvous phase, the APS burn to depletion, and the remainder of
burns during the mission. Because the burns prior to rendezvous were
designed to insure the proper tracking, lighting, and orbital conditions,
no initial state vector dispersions were simulated. Rendezvous
radar and MSFN navigation were modeled with navigation covariance
matrices, and PGNCS and RTCC targeting techniques were used for the
maneuvers. Three hundred Monte Carlo cycles of the rendezvous were
run.

The APS burn to depletion was analyzed individually. Two hundred
cycles of the burn were simulated with tracking uncertainties and with
performance and platform errors. This burn was not retargeted.

The third part includes the remainder of the mission: five SPS
burns and one DPS burn prior to the rendezvous and three SPS burns
after it. This simulation extends from orbital insertion to 400 000-ft
altitude with a coast period through the rendezvous.

A navigation update was performed prior to each burn. Initial
state vector uncertainties caused by launch vehicle errors were simulated.
The docked DPS burn was not retargeted; the deorbit burn was retargeted
to the nominal inertial velocity magnitude and flight-path angle values
at the end of the deorbit maneuver. The other burns were retargeted
to the nominal apogee altitude, perigee altitude, and right ascension
of the ascending node. The retargeting process was performed by
iterating on selected parameters (i.e., the solution was obtained by
checking to see if successive guesses were within specified tolerances).
The solution obtained is not necessarily the optimum one. The tolerances
used were 1 n. mi. for apogee altitude, 5 n. mi. for perigee altitude,
0.02° for flight-path angle, 0.5° for right ascension of the ascending
node, and 10 fps for inertial velocity magnitude. 'l'he retargeting
tolerances and parameters are somewhat arbitrary. Changing them would
change the statistical results to some extent. The parameters were
selected to control the orbit as it would be controlled in real time.
The tolerances were selected to keep the orbit as nominal as possible
without causing excessive AV deviations. The platform was alined for



the rendezvous maneuvers so that at TPI it would be at the preferred
orientation. For all other maneuvers, the platform was alined to the
preferred orientation.

Mission Profile and Simulation

The mission which was simulated was taken from the D mission opera-
tional trajectory (refs. 1, 2, and 3). For each part, a case with no
errors was run to serve as the simulation nominal. Those nominal tra-
Jjectory parameters are given in the maneuver summary tables. In general,
they do not differ significantly from the OT. Differences can be at-
tributed to the analytic coast routine and to the analytic burn model
used in the simulation.

The spacecraft was initially inserted into a 110-n. mi. circular
orbit. The LM extraction from the S-IVB was simulated only as a weight

loss at the nominal time of thBmSTs g.e.t. The SPS-1 is a systems test
of the SPS engine which exercises the short burn logic in the onboard
computer. Nominally, it is a 5-second burn of 37 fps. In the simulation,
it was retargeted to return to the nominal apogee altitude and perigee
altitude. The SPS-1 is performed close to perigee and raises apogee
altitude to 132 n. mi. In real-time operations, it will be necessary

for the SPS-1 to be 5 seconds long.

In combination with SPS-3, the SPS-2 reduces the mass of the space-
craft to increase the SM RCS deorbit capability and to provide CSM rescue
capability of the IM. The half-amplitude stroking test which occurs
during this burn was not simulated because it has no effect on dispersion
results. Nominally, the SPS-2 is 112 seconds in duration and has a AV
of 850 fps; it raises apogee altitude to 193 n. mi.

The SPS-3 maneuver occurs two revolutions after the SPS-2. It
raises apogee altitude to 272 n. mi.; it is a 28l-second burn of
2549 fps. Crossover from the SPS storage tank to the sump tank occurs
75 seconds into the burn and results in slightly higher thrust and
weight flow rate values. The full-amplitude stroking test takes place
during this burn but was not simulated. Completion of SPS-2 and SPS-3
provides much of the nodal shift required for proper rendezvous lighting.

The main purpose of the SPS-4 burn is to provide AV for phasing
changes and nodal shifts needed for late lift-offs. Nominally, it is an
out-of-plane burn of 28 seconds and 300 fps. A 20-second, two-jet RCS
ullage precedes the burn.

The docked DPS burn provides the first manned systems test of the
DPS engine and provides some of the nodal shift required for proper




rendezvous lighting and phasing. Reference 1 contains the thrust profile
to be followed. During the last 58 seconds, the engine is to be manually
throttled by a crewman. The external AV targets have been biased to
insure that the crewman and not the PGNCS will shut off the engine. The
crewman will cut off the burn at a guidance time-to-go of U4 seconds,
which is a Vg of approximately 10 fps. In the Monte Carlo simulation,

the burn cutoff is based on the magnitude of the V_ that remains (10 fps)

and is not retargeted. The latest available Apollo 9 DPS engine data was
used (ref. 4) and it differs slightly from the data used in the OT. Con-
sequently, the nominal burn time in the simulation differs from the burn
time in the OT by approximately 12 seconds. The burn is mostly out of
plane and is preceded by a 1l0-second, two-jet RCS ullage. The nominal

AV gained is 1696 fps.

The SPS-5 circularizes the orbit at 130 n. mi. for the rendezvous
(128 by 137 n. mi. in the nominal simulation caused by Keplerian ap-
proximations in the targeting). Nominally, it gains 551 fps and lasts
42 seconds. A 20-second, two-jet RCS ullage precedes it. A hardware
limitation constrains SPS-5 to be at least 40 seconds long.

The CSM separation from the LM is a radially-down maneuver of
5 fps performed by the CSM RCS. A stationkeeping uncertainty of
0.6 fps (30) is imparted to each component of the CSM actual vector.
A perfectly executed impulsive maneuver is assumed, and the estimated
state is updated.

The phasing maneuver is a prespecified, radially-up maneuver of
85 fps. It consists of a T-second ullage, 15 seconds at the 10 percent
throttle setting on the DPS engine, and the remainder of the burn at a
40 percent thrust. The phasing maneuver places the LM in an equiperiod
orbit so that the LM varies in its distance from the CSM from a maximum
of 48 n. mi. to a minimum of 3 n. mi. The apogee and perigee of the
orbit are approximately 11 n. mi. above and below those of the CSM.

After the phasing maneuver, the rendezvous sequence could be aborted

by performance of g TPIO maneuver, Many systems test objectives would

have been satisfied prior to this time. Nominally, the TPI_ is not

0
executed.
The next burn is insertion, which nearly circularizes the orbit
of the IM 11 n. mi. above the orbit of the CSM. It is a burn of

25-~seconds duration which gains 40 fps at 10 percent DPS thrust. The
current plan is for insertion to be computed in the RTCC; however, it
was calculated in the simulation by the onboard CDH routine with the
PGNCS state vectors at a specified time. After insertion, the LM coasts
40 minutes to CSI initiation and stages the descent stage.



The purpose of the CSI is to establish proper phasing conditions
at CDH so that the time and elevation angle at TPI will be nominal. As
a result of CSI, the LM orbit has a perigee that is 10 n. mi. below
the perigee of the CSM. This maneuver gains 38 fps and uses the RCS
through the APS interconnect.

The CDH establishes a constant delta height of 10 n. mi. with
the LM behind and below the CSM. A 3-second APS burn provides 38 fps
and is preceded by a b-second, four-jet RCS ullage.

In the simulation, no time constraint was applied to the TPI.
It was initiated on an elevation angle of 27.5°. Nominally, it is
a four-jet RCS maneuver of 18 seconds and 23 fps.

Two nominally zero midcourse corrections at 10 and 22 minutes
after TPI initiation are used to correct the intercept trajectory if
required. These midcourse corrections are followed by the TPF braking
maneuver which nullifies the relative closing rate.

After the rendezvous, the ascent stage is separated from the CSM,
and the ascent stage propellant is burned to depletion. The AV targets
are biased to insure depletion. For the Monte Carlc simulation, the
burn was not retargeted, and it was cut off on the nominal end-of-burn
weight. The maneuver results in an orbit of 3249 by 126 n. mi. It is
360 seconds in duration, gains 5254 fps, and is preceded by a 3-second,
four-jet ullage.

The SPS-6 and the SPS-T are orbit shaping and adjusting maneuvers
in preparation for deorbit. The SPS-6 is a 2.6-second burn of 65 fps
which will exercise the short burn logic. The resulting apogee and
perigee are 131 n. mi. and 97 n. mi., respectively. The SPS-T is a
6-second burn which gains 156 fps. It results in a 215-n. mi. by
95-n. mi. orbit. Both maneuvers are preceded by a 20-second, two-jet
RCS ullage and are retargeted to the nominal apogee altitude, perigee
altitude, and right ascension of the ascending node. :

The eighth SPS burn is the deorbit maneuver. It consists of a
20-second, two-jet RCS ullage, and a l2-second SPS burn that gains
314 fps. Desired inertial velocity magnitude and flight-path angle
were the retargeting criteria in the Monte Carlo simulation. After
the SPS-8, the spacecraft coasts to an altitude of 40O 000 ft (entry
interface).

Error Sources

The launch vehicle covariance matrix for Apolloc 9 was not available
at the time of this analysis. The lunar landing mission covariance matrix




before the second translunar injection opportunity (ref. 5) was
considered to be representative and was used instead. The MSFN
covariance matrices of tracking uncertainties and the PGNCS covariance
matrices of rendezvous radar tracking uncertainties are contained

in reference 6. Navigation update matrices valid at the time of burn
initiation for the other burns were obtained from references T and 8.

Performance, platform, and thrust mistrim errors came from
references 4 and 9. They were considered random with one exception:
platform errors were considered static during the rendezvous. A
list of the error values is given in appendix B. Reference 10 provided
the platform alinement times. Thrust tailoff was not simulated for
the rendezvous maneuvers, but was considered for the others.




ANALYSIS OF RESULTS

This section presents a discussion of the results at each major
event in the mission. A table which lists orbital parameters and
powered flight characteristics is presented for each maneuver. For
the rendezvous, tables are given which present the PGNCS, MSFN, and
actual solutions and their errors and expected differences. Differen-
tial height information is given for the insertion and CDH maneuvers.
For the rendezvous phase, the error in a solution is the difference
between that solution and the solution based on the actual state vector.
The expected difference is the difference between the PGNCS solution
and the MSFN solution. (A further explanation is presented in refer-
ence 11.) Definitions of the coordinate systems of the AV gained and
the Vg residuals are given in appendix A.

SPS-1 Maneuver

Both pre- and postburn orbital statistics and maneuver summary
information for the SPS-1 are presented in table I. A mean burn dura-
tion of 5.09 seconds and a 30 deviation of 0.95 second could result in
a 6.0k-second burn which would not exercise the short burn logic in the
onboard ccmputer. A large part of the burn time deviation is caused by
retargeting to constrain the estimated apogee to within 1 n. mi. of its
nominal value. In real time, a short burn will be assured by limiting
the duration to exactly 5 seconds.

The following SPS burns would fine-tune the orbit. A tally of
the Monte Carlo cycles shows that the SPS-1 was retargeted in 54 percent
of the cycles. This retargeting adds to the actual AV dispersions, and
the 30 actual total AV deviation is 6.98 fps. The 3o Vg residual

deviation of 1.88 fps is due primarily to the thrust mistrim.

SPS-2 Maneuver

The maneuver summary for the SPS-2 is given in table II. Because
the SP8-1 is a horizontal posigrade maneuver executed close to perigee
to raise apogee altitude, apogee altitude is sensitive to errors. The
retargeting of the SPS-2 is an attempt to achieve the nominal apogee
altitude, and, by doing this, a 30 actual AVx deviation of 4.83 fps

results. The actual total AV deviation is 2.68 fps (30), and the 30
burn time deviation is 1.18 seconds. The SPS-2 burn is retargeted only




30 percent of the time. The largest AV component is AVy, and thus the
effect of 4.83 fps AVX 30 deviation is diminished in the total 3o
deviation of 2.68 fps.

SPS~3 Maneuver

Maneuver summary information for the SPS-3 is presented in table III.
The SPS-3 is retargeted 20 percent of the time. The 30 total AV deviation
is 5.96 fps with a 30 burn duration dispersdion of 2.97 seconds. Because
the burn is executed close to perigee altitude, the largest dispersions
are at apogee altitude. After the maneuver, the apogee altitude un-
certainty is 4.41 n. mi. (30), and the perigee altitude uncertainty is
1.14 n. mi. (30).

SPS-4 Maneuver

Both pre- and postburn and maneuver statistics for the SPS-L are
contained in table IV. The 30 burn duration deviation of 0.31 second
and actual AV deviation of 1.64 fps are quite small. The primary reason
for the small values is that SPS-L4 is retargeted less than 1 percent of
the time. The first three SPS burns are all retargeted to the nominal
apogee altitude, perigee altitude, and right ascension of the ascending
node. Thus, by the time of the SPS-4, the orbit is nearly nominal ac-
cording to the estimated state. To provide for a return to the nominal
lighting conditions in real time, the SPS-4 will be targeted to compen-
sate for accumulated period differences that result from previous maneuver
dispersions. The 30 preburn deviations given in table IV result from
navigation uncertainties and retargeting tolerances. Performance and
IMU errors during the burn increase the deviations slightly.

DPS

Maneuver summary information for the docked DPS burn is presented
in table V. 1In the simulation, the maneuver was cut off on a Vg remaining

that corresponded to a guidance time-to-go of 4 seconds. As a result, the
Vg residual deviations are guite small, and the burn time deviation is

large, 15.05 seconds (30). Because the burn is not retargeted, orbital
deviations increase during the maneuver. It was not retargeted because
the external AV targets have been biased to insure that the crewman will
shut off the engine manually. The latest avajilable Apollo 9 DPS engine
data was used in the simulation (ref. 4). Thrust values and weight flow
rates are larger than the values used in the OT. Consequently, the nominal
burn duration in the OT is 364 seconds, whereas in the simulation it is
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353 seconds. A perturbed thrust during the maneuver should cause no
problem because the crewman terminates it on a specified guidance time-
to-go.

SPS-5 Maneuver

The SPS-5 maneuver summary is presented in table VI. True anomaly
is meaningless upon execution of the circularization maneuver. The
SPS-5 was retargeted T5 percent of the time, largely because of disper-
sions from the DPS burn since it was not retargeted. Because the SPS-5
is the last maneuver which can provide proper rendezvous lighting and
phasing, it will be retargeted in real time, if required, to compensate
for SPS-l and DPS dispersions. This compensation is not reflected in
these results because it was not necessary to do so in the simulation

set-up. The 30 actual AV deviation is 9.L44 fps, and the burn duration
deviation is 0.83 second.

Separation and Phasing Maneuvers

No solution statistics are presented on the separation and phasing
maneuvers because they are prespecified. Their maneuver summaries are
presented in tables VII and VIII. The mean closest point-of-approach
after the phasing maneuver is close to the nominal value of =20 057 ft,
and the standard deviation of 6507 ft makes the probability of recontact

extremely small, even in the presence of a 0.6 fps (30) stationkeeping
uncertainty.

TPIO Maneuver

The TPIO maneuver is executed only in case of aborts from the

nominal rendezvous sequence. Actual, PGNCS, and MSFN solutions, as
well as the expected difference and the error in the PGNCS and MSFN
solutions, are presented in table IX. Preliminary mission rules state

that the expected difference between the PGNCS and MSFN TPIO solutions

should not be greater than *2 fps in each component and +4 minutes in
ignition time. As seen in table IX, the 30 z expected difference is

17.64 fps, and the 30 Y expected difference is 2.34 fps. Both of these
components are valid, although they exceed the suggested limits. These
large deviations are correlated to the 30 time slip of 3.5 minutes.
Increases in the allowable differences from *2 fps to *20 fps for

7 and from 2 fps to *3 fps for Y are recommended to avoid the elimination
of valid solutions.
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Insertion Maneuver

The maneuver summary for the insertion maneuver is presented in
table X. The PGNCS, MSFN, and actual solutions, the error in the solu-
tions, and the expected differences for the insertion maneuver are
rresented in table XI. The errors and the expected differences are
quite small. Differential altitude information is given in table XII.
The mean values for the maximum and minimum differential altitudes of
-11.06 and -11.36 n. mi. match the nominal values of -11.07 and
-11.34 n. mi. very well. Three-sigma deviations of 0.36 and 0.30 n. mi.
for maximum and minimum AH and 0.24 n. mi. for AAH are small and violate
no limits.

CSI Maneuver

The maneuver summary for the CS1 is presented in table XIII. The
PGNCS, MSFN, and actual solutions, the error in the solutions, and the
expected difference for CSI are presented in table XIV. Only AVX

solutions are obtained because CSI is constrained to be horizontal.
The PGNCS errors, MSFN errors, and the expected difference are all
small.

CDH Maneuver

The maneuver information for the CDH is presented in table XV.
As was the TPIO, the CDH is a variable time maneuver, and the 30 time

deviation of 32.31 seconds results in a 30 7 expected difference of
3.27 fps, as shown in table XVI. Because the error in PGNCS CDH time
is more than twice that of the MSFN CDH time, it can be concluded that
the timing error results from insufficient and relatively long-distance

rendezvous radar tracking. In light of the 3o 7 expected difference of
3.27 fps, the allowable limit should probably be changed to 5 fps. Dif-
ferential altitude information is presented in table XII. The mean
maximum and minimum differential altitudes of 10.23 and 10.03 n. mi.
agree very well with the nominal values of 10.22 and 10.04 n. mi. The
30 deviations of 0.81 and 0.84 n. mi. are small. CDH coellipticizes

the orbit as evidenced by a 30 AAH of 0.15 n. mi.

TPI Maneuver
The maneuver summary for TPI i1s presented in table XVII. The PGNCS,

MSFN and actual solutions, errors in the PGNCS and MSFN solutions, and
the expected difference for the TPI maneuver are given in table XVIIT.
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The TPI targeting is based on a 130° central transfer angle. It is a
variable time maneuver, and the 30 deviation of 4 minutes 7.5 seconds
violates the lighting constraint limit of 3 minutes 30 seconds. The
problem can be alleviated by use of the time option instead of the
elevation angle option in the TPI program for those cases that violate
the constraint.

Midcourse Correction Maneuvers

Although the first midcourse correction is nominally zero in the
operational trajectory, a nominal AV of 1.39 fps is calculated by the
PGNCS. The mean is 2.04 fps with a 30 deviation of 3.15 fps. The
second midcourse correction is also nominally zero. It has a mean of
1.76 fps with a 30 deviation of 3.09 fps. Calculated AV's of less than
1 fps are not executed, and the statistics are based on those maneuvers
that were executed. Data for both midcourse corrections are given in
table XIX. The current plan is to burn out the Vg one component at a

time. This plan results in larger AV mean and 30 values than burning
along the Vg vector would.

TPF

The mean distance of closest approach after the midcourse correc-
tions is 33 ft with a 30 deviation of 729 ft. The greatest part of
this dispersion probably is due to the failure to execute the second
midcourse correction if it is less than 1 fps. The data for the TPF
are summarized in table XIT.

APS Burn-to-Depletion Maneuver

Maneuver summary information on the APS burn to depletion is con-
tained in table XX. This is a large maneuver of 5251 fps with a 30
deviation of 261 fps. In the simulation, the burn was cut off on the
nominal end-of-burn weight. The postburn weight deviation of 1.3 1lb
is within the noise of the calculations. It can be seen in table XX
that the external AV targets have been biased sufficiently to guarantee
depletion of the APS propellant. Because it is a long burn and because
it is terminated on propellant depletion, the dispersions are large.
The maneuver is performed at perigee altitude, which produces the
greatest error at apogee altitude. The 3¢ apogee altitude deviation
is 253 n. mi., and the perigee altitude deviastion is 0.3 n. mi. The
30 inertial velocity magnitude deviation is 199 fps. Although these
are large deviations, they present no cause for concern in the resulting
orbit (3249 by 126 n. mi.).
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SPS-6 Maneuver

The maneuver summary for the SPS-6 is presented in table XXI. The
effect of the burn is to reshape the orbit from 135 by 129 n. mi. to
130 by 97 n. mi. By this reshaping, the 30 apogee altitude deviation
is increased from 2.25 n. mi. to 2.87 n. mi. Perigee altitude deviation
decreases from 6.26 n. mi. to 2.72 n. mi. Chiefly as the result of re-
targeting, the actual AV deviation is 5.19 fps. The nominal V < residual

is -2.69 fps because the burn is performed by use of the short burn logic.

SPS~T Maneuver

Both pre- and postburn statistics for the SPS-T burn are given
in table XXII. It is a horizontal, posigrade maneuver which raises
apogee altitude to 215 n. mi. and raises perigee altitude to 95 n. mi.
The 30 apogee postburn deviation is 2.93 n. mi. The 30 perigee post-
burn deviation is 3.93 n. mi., which is probably caused by the 5-n. mi.
retargeting tolerance. The actual AV deviation is 5.46 fps (30).
Tailoff accounts for the Vgx residual deviation of 3.10 fps (30).

SPS-8 Maneuver

The deorbit burn (SPS-8) statistics are contained in table XXIII.
Because the retargeting tolerance is 10 fps for velocity magnitude and
0.03° for flight-path angle, their 30 deviations of 21.02 fps and 0.24°,
respectively, are largely the result of navigation uncertainties. Perigee
altitude deviation increases to 15.57 n. mi. (30), because it is not
constrained by the retargeting and because the maneuver is performed
near apogee altitude. The actual AV deviation is 27.72 fps (30).

Entry Interface

A coast to 400 000-ft altitude occurs after the deorbit burn. A
summary of the deviations 1s given in table XXIV. The 30 deviation
of 336 seconds for coast time results from the uncontrolled altitude
during the deorbit burn. Even with such a deviation, the coast time
is never less than the required 10 minutes. The uncertainties in the
predicted landing site point in table XXIV are translated into a down-
range landing error of 4.2 n. mi. (30) and a cross-range landing error
of 6.8 n. mi. (30) in reference 12.

A propellant summary for the maneuvers which were simulated is pre-
sented in table XXV. The 30 deviations are well within the allowable
budgets.
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CONCLUSIONS

This document has presented results of a Monte Carlo dispersion
analysis of the Apollo 9 mission. Conclusions which have been drawn from
the analysis of the data are listed below.

1. The rendezvous is accomplished very accurately. Differential
height deviations after insertion and CDH are well within tolerable
limits. The midcourse corrections required after TPI are small, and the
mean and standard deviation of the closest point-of-approach after
the second midcourse correction are -33 ft and 243 ft, respectively.

2. Several expected differences in the PGNCS and MSFN solutions
for the rendezvous maneuvers exceed the current limits. New limits
have suggested for those cases to avoid elimination of valid solutions.

3. The 30 TPI time slip of +h minutes 7.5 seconds violates the
lighting constraint associated with the early solution of 3 minutes
30 seconds. The probability of such a solution is extremely low and
should cause no concern. The lighting constraint time slip has been
changed to 4 minutes in the Rendezvous Techniques Document (ref. 13).

4, With the retargeting criteria and parameters used in this simu-
lation, there is a very small probability that the SPS-1 will not be a
short burn. In real time, it will be forced to be short. The followin
maneuver could be retargeted to return to the nominal situation.

5. The dispersions following the APS burn to depletion are large,
but should not be a problem in the 3248- by 126-n. mi. orbit. The ex-
ternal AV targets have been biased sufficiently to insure propellant
depletion.

6. The deviations at 400 000-ft altitude (reentry interface) are
small. They result in a 30 down-range landing error of 4.2 n. mi. and

a cross-range landing error of 6.8 n. mi. Both are considered acceptable.

T. Propellant deviations for the maneuvers which were simulated
are within their budgets.

In summary, there are no unreasonable dispersions associated with
the Apollo 9 mission. There are no trajectory dispersions which would
compromise the successful completion of the mission, with the exception
of the previously mentioned minor changes. Several minor updates in the
operational trajectory are documented in g revision (18-second, four-jet
RCS ullages for SPS-L4 and SPS-5 and revised external AV targets for the

DPS). These changes will not have a significant effect on these results.
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TABLE IX.- EVALUATION OF SOLUTIONS FOR TPIO MANEUVER®

Time, hr:min:sec

Parameter Mean 30
PGNCS solution at PGNCS time AVx, fps -18.07 .51
AV _, fps -.19 1.74
AV, fos 5.92 17.49
Total AV, fps 19.80 5.85
Time, hr:min:sec | 95:00:26 | 2:52.8
MSFN solution at MSFN time AVX, fps ~18.03 .90
AVy, fps -.22 2.19
&v,, fps 6.52 21.75
Total &YV, fps 20.31 8.58
Time, hr:min:sec 95:00:33 | b:12.57
Actual solution at PGNCS &V, fps -18.07 .66
time 6V, fps -.25 .99
AVZ, £ps 6.06 15.54
Total AV, fps 19.67 5.25
Time, hr:min:sec 95:00:27 2:38.7
Actt_lal sclution at MSFN AVx, fps -18.03 1.71
time &V, fps -.25 .99
AV, fps 6.47 17.31
Total AV, fps 19.87 7.17
Time - -
Actual solution at actual AVx, fps -18.08 R
time AV, fps .25 .99
v, fps 6.06 15.33
Total AV, fps 19.68 5.07
Time - -
Error in PGNCS solution AVX, fps -.008 .36
8V, fps .059 1.kh
AV, fps -.13 5.52
To;al AV, fps .13 1.86
Time, sec ~.79 59.70
Error in MSFN solution AVX, fps -.0005 2.19
Avy, £ps .0k 1.92
v, fos .05 8.19
Total AV, fps AN 2.64
Time, sec 5.80 199.50
Expected difference between AVx, fps -.04 .84
PGNCS and MSFN solution AV, Tps 02 2.3k
sz, fps -.60 17.6L
Total AV, fps ~.51 T.47
Time, sec -6.61 | 210.00
&Nominal conditions: AVx, fps . e . -18.13
AVy, fps . . -.27
AVZ, fps . 5.88
Total AV, fps 19.06

G§5:00:26
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TABLE XI.- EVALUATION OF SOLUTIONS FOR INSERTION MANEUVER®

Parameter Mean 3o
PGNCS solution AV, fps 39.83 .Sh
AV, fps 0.00 .00
av_, fps 1.63 2.01
Total AV, fps 39.87 .Sk
MSFN solution AVx, fps 39.90 .5k
MV, £ps 0.00 .00
AV _, Tps 1.47 1.95
Total AV, fps 39.93 .5k
Actual solution AVX, fps 39.83 .39
AV, fps 0.00 .00
AV, fps 1.6k 1.95
Total AV, fps 39.86 .39
Error in PGNCS solution AVX, fps .0007 .33
AVy, fps .00 .00
AVZ, fps -.01 .51
Total AV, fps .00 .33
Error in MSFN solution AVX, fps -.002 .36
AVy, fps .00 .00
AVZ, fps .001 27
Total AV, fps -.002 .36
Expected difference in PGNCS AVX, fps -.077 .51
and MSFN solutions AV, Pps .00 .00
AVZ, fps .16 .60
Total AV, fps 07 .51
®Nominal conditions: AV , fps 39.
AVy, fps 0.
AVZ, fps 1
Total AV, fps 39.
Timeb, hr:min:sec 95:41:

bTime of maneuver is fixed.




TABLE XII.- ACTUAL VARIATION IN AH, TPI TIME,
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AND CLOSEST POINT-OF-APPROACH

Parameter Nominal Mean 30

Closest point-of-appraoch
after phasing maneuver ~-20057 -19963 19521
(CPA), ft

Maximum AH after.lnsertlon ~11.07 ~11.06 .36
maneuver, n. mi.

Minimum AH after insertion -11.34 -11.36 .30
maneuver, n., mi.

Variation in AH (AAH)
after insertion maneuver, 27 .30 .24
n., mi.

Maximum AH after.CDH 10.22 10.23 .81
maneuver, n. mi.

Minimum AH after.CDH 10.0k 10.02 .84
maneuver, n. mi.

Variation in AH (AAH)
after CDH maneuver, .18 .20 .15
n. mi.

TPI time, .ca. .59:08 ol
hr:min:sec (g.e.t.) 97:59:20 | 97:59:2 7>

Closest point-of-approach
after second midcourse -127 -33 729
correction (MCC-2), ft

Time of closest point-of-
approach after MCC-2, 98:31:33 |98:31:L44 2Lk6.9

hr:min:sec (g.e.t.)
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TABLE XIV.- EVALUATION OF SOLUTIONS FOR CSI MANEUVERa
o Parameter Mean 30
PGHCS solution AV, fps -37.90 1.65
BV, fps .00 .00
AV, fps .00 .00
Total AV, fps 37.90 1.65
MSFN solution AVX, fps =37.77 1.62
Avy, fps .00 .00
AVZ, fps .00 .00
Total AV, fps 37.77 1.62
Actual solution AVx, fps -37.90 1.53
AVy, fps .00 .00
AV, fps .00 .00
Total AV, fps 37.90 1.53
Error in PGNCS solution AV, fps .00b .60
AV, fps .00 .00
AV_, fps .00 .00
Total AV, fps .00k .60
Error in MSFN solution V., fps Nololt .51
AVy, fps .00 .00
AVZ, fos .00 .00
Total AV, fps .00k .51
Expected differe?ce in PGNCS AVx, fps -.13 .81
and MSFN solution AV, fps .00 .00
AV , fps .00 .00
Total AV, fps .13 .81
aNominal conditions: Avx, fps -37.90
AV, fps . .00
AV _, fps .00
Total AV, fps . 37.90
Timeb, hr:min:cec 96:22:00

b, . R
Time of maneuver is fixed.
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TABLE XVI.- EVALUATION OF SOLUTIONS FOR CDH MANEUVER™

30

Parameter Mean 30
PGNCS solution at PGNCS time AVx, fps -37.93 2.19
AV_, fps .00 .00
av_, fps -.k5 3.60
Total AV, fps 37.95 2.19
Time, hr:min:sec 97:06:52 43.8
MSFN solution at MSFN time AVx, fps -37.73 2.25
AV_, fps .00 .00
AV, fps -1.65 2.52
Total AV, fps 37.77 2.31
Time, hr:min:sec 97:06:47 27.0
Act\'xal solution at PGNCS avV_, fps -37.92 2.16
time MV, fps .00 .00
av,_, fps - 46 3.45
Total AV, fps 37.94 2.16
Time, hr:min:sec 97:06:52 43.8
Actual solution at MSFN AV_, fps -37.7h 2.16
time &V, fps .00 .00
AV_, Tps ~1.64 2.13
Togal AV, fps 37.77 2.19
Time, hr:min:sec 97:06:47 27.0
Error in PGNCS solution AVX, fps -.01 30
AVy, fps .00 .00
L\Vz, fps .01 1.02
Total AV, fps .013 .30
Pime, sec .036 28.20
Error in MSFN solution bV, fps .008 .96
MV, fps .00 .00
AVZ, fps -.009 1.29
Total AV, fps -.005 .99
Time, sec -.24 12.03
Expected differences between AVX, fps -.20 .99
PGNCS and MSFN solutions AV, fps .00 .00
AV, fps 1.21 3.27
Total AV, fps .18 1.02
Time, sec 5.31 32.31
BNominal conditions: AV , fps . . . . . e -37.96
A‘!y, fps . .00
av,, fps -.31
Total AV, ps 37.96

Time, hr:min:sec

97:06:28




31

uotydsoasqul jo qutod ayg
pognosxa st pue sdJ 9rgz ATTBUTWOU ST JSANSUBW 3YyJ,

IdI WOXF (S3YNUTW §°gE) 08T LToveurtxoxdde aq TTTA

"WSO 9u3 y3ta Axogoseay 3ds0a93UT UB UO [T 9UY3 Sa0eTd JISANSUBW STYL
*SONDd WI 343 £q pegndwod oq TTTA JSANSUBW I

*sautdus gy JnoJ Juisn

WT dUL * STNAWWOD

0°0 0'0 0°0 sdy ‘sFeTTn pue {0E°E A G L umaqsoq Fap
wiJay J07 papuadxs Ay SOH (86T b o= (M TInqoXd ¢ ATswous anay,
LT 66°' 12 00°'22 sdy ‘popuadxs [0 L EAEREE ons e uInqqsod sdy “Kqt100TaA
AV wmmmcm uteg > = 1Lc5 5¢ LcS 5S¢ uIngald TBT3I2UT
0°0 0°0 0'0 d nrmz wmwh zg |L 09T “hee 0L T"6ce OT uInqlsod qT “audtom
4 " renet A L 09t "05t 0T "HGt 0T uIngazg 1Jeaosoedg
00 0°'C 0'0 d acwﬁswwwn £3 [0620007 |6HE0C” 6Rc00 uInq1sod P
TOTI3UD0D
s TEne A [erot00 6360002 I5000" EELERS FrorTneoaE
E) 00 570 PoMMT I <3 00" To - 610"~ uaingasod| Fop ‘ot18ue yzed
. sdy ‘renprsaz A [JL00 500 900 UIMaSII|  -ayFTTI TeT1Iaul
98T cr o1~ 20T~ sdy — [cTO CETLT CTTEE TINA3 504 =S
¢psute? N>< Tenj oy {TT0 Gt e Gt et uIngadd fUOT3BUTITOUI
. . e . . - . -— <
s€e Le' - we' - . TeO CCHIT GgHtL 1nq9804 F5p ‘eopou
_ sdg — s - . - e 2utpuaose au3 Jo
*pautesd >>< T8N0y 620 ¢ rit SCTHIT a=dd UOTSUS0Se JUITY
191 05761 en 6t . x4 Pl 19Tt [ulott UMA3SOd) Ly oina oty
pauTted “py TEN3OV [T L T Tt FENEI EELCEES
1T 66° T2 00° 22 sdl 1L 97I3% v [T9TI95 t uIngilsog *TIW "U TSIXE
‘pauted AV [®303 Teni1oy [0F 27295 £ [tc e9% & TINgaI JTofRmIUSg
T 19 LT 89 LT 355 " (998l Ln SuIpniodt  |GL 0 EL niL SEMEARE TINQis0-| 18 "0 “3pAIT31E
Jou) ucTiBaMp uIng f[TgT0 COTLTT T LTT JLeUTERE 29971184
T Iy 87L2:657L6 N 02166716 FECHUETTHEU RS S (4 0 2 get T got TANqQ3S04] " T0 *U ~ SpNFLFLe
UCTIRTAITUT uaIng g0 0T L1T 91" LTt TINa=Sd0y vodody
o< uesy TBUTWON of ueay TBUTWON 1213ureaBd
S0748TI9308BIRYD JIANRUBY S0T]1STJI910BIBYD AX03031{BI],

[*4°9°8 2G:€0:66 dUWTY

AHVINNG SFANINVIN IdL

JUSWSUTTR (NI ]

WT ="IIAX HTHVL




32

TABLE XVIII.- EVALUATION OF SOLUTIONS FOR TPI MANEUVERa
Parameter Mean 20

PGNCS solution at PGNCS time AV, fps 19.40 1.53
AV _, fps =27 1.92

AVZ, fps -10.29 1.53

Total AV, fps 21.97 1.92

Time, hr:min:sec 97:59:28 247.,5

MSFN solution et MSFN time AVx, fps 19,47 1.50
Avy, fps -.21 2.88

&V, fps -10.31 1.56

Total AV, fps 21.99 1.86

Time, hrimin:sec 97:59:32 257.4

Actual solution at PGHNCS AV, fps 19.40 1.56
time AV, fps -.23 .84
&V, , fps -10.31 1.80

Total AV, fps 21.98 1.89

Time, hr:min:sec 97:59:28 247.5

Actual solution at MSFN AV, fps 19.36 1.77
time AV, fps _.23 .8k
av_, fps -10.48 3.87

Total AV, fps 22.06 2.10

Time, hr:min:sec 97:59:32 257.4

Actual solution at actual &V, fps 19.41 1.53
time AV, fps -.23 .8l
av_, fps -10.29 1.53

Total AV, fps 21.97 1.89

Time, hr:min:sec 97:59:27 246.3

Error in PGNCS solution AVX, fps .001 .18
AVy, fps -.0k 1.68

av_, fps .03 1.56

Total AV, fps -.009 .69

Time, sec .35 18.99

Frror in MSFW solution Avx, fps o .81
AVy, fps .0k 2.70

AVz, fos .18 3.2

Total AV, fps -.06 .93

Time, sec 3.60 67.23

Expected difference between AV_, fps -.005 .21
PGNCS and MSFN solutions AV, fps ~.004 3.2k
v, fps .02 .81

Total AV, fps -.02 .48

Time, sec -3.0 69.24
%Nominal conditions: OV, Tps . . . . . . 19.43
AV, fps .. -.23
AV , fps . . . . . -10.32
Total AV, fps . . 22.00
Time, hr:min:sec . . 97:59:20
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TABLE XIX.-~ ESTIMATED MIDCOURSE CORRECTION AV EXPENDED?

Parameter Nominal Mean 3o

First midcourse correction 1.39 2.04 3.15
(Mcc-1), fps

Second midecourse correction .02 1.76 | 3.09
(Mcc-2), fps

Total estimated AV 1.1 3.22 4.50
expended, fps

%The midcourse corrections were performed by burning
out the Vg one component at a time in accordance with the

current plan.




3L

saor suoTsaadsIp JOQD9A 33B3S TEBNIOB ON

+sdy gggT JO TenpIisal x>< ugsw B U 3TNS3X s393I83 AV POSBIQ DUB

- §9T4UTBAIS0UN 09094 99838 JO 20uanbasuod ay3 348 SUOTS

‘uJng STY3 JoJ unt

asdstp uangaad TTBWS

¢ 198187 Snyj oJ8 SUOTIBTASD pauted AV a4l

sulL
-qy8ToM UINQ-JO-PUS TBUTWOU 3y} UO Paseq JJO 3nd SBA 1T PUE ‘paqaBaeiod j0U SBA 3] ' PIIBTNUIS SJI9M SJIOIID sousmaojIad
pue ‘NI ‘ucIyeITABN SuUINq ISYIO SUI YITA sousnbas oyy ul pamrojrad j0u SBA uotgeTdep 07 wmq SdV UL SINAWAOD
0T’ £6°¢€ £6°¢ sdy ‘aFeTIn vUB - - - umq3sod Sap
wiJgy J0J popuadxa AV SpH[== —— —= TINGoXd ¢ ATswour and]
ng" 092 9T 0525 n6°9n2s sdy ‘popusdxe |00 BOT |11 066 B0|T07466 g2 fumaasod]  sdy “A31o0Tan
AV 2utdus ursy et T €0 6L Ge|c0 6lh &2 uJnqatd TBI}43UT
21 20— 00" . 23 |2t T 2626l G [98°¢6L S uInq3sod qT ‘3ydtem
sdg ‘renplsal A cb 6hc To L0Q b |00 &0g 6 uIngagd 1J810908dg
92 1 "0~ 00° dr ¢ £3 1-- - - uIng3sod
sdy ‘TenpISaL = A — — TTRTST £310TI13U200%
19°192 1€ 612T ¢crzzeT <3 60° g9°¢ 69'¢ uangasod| fop ‘ardue yzed
. sdy ‘T®NPIS3L ~ AJTOO" L600_" L600"~ UmMq3XI|  -3uST13 Te13Jaul
18°€8 69" 9eTT enTGETT 7 sdg £c” 68° 62 68" 6c 1Inq3sod Jep
‘paute? “AV TEN3oVI00° e EE HE EE TINGoXJ ¢ UOTIBUTTOUT
gg 661 90" 920n- 69" €201~ 4% Lngse  |Lnigse I Fsp “apou
x sdy . z gz AT Zutpuadse au3 Jo
‘pauted “py Tengoy| T w6 time ne hne Q=13 uotsuacse UITH
69" 61T 0L gLTE 66" 9LTE sdg 6" T £6°enT e LeT umaisod| . . _
“pauted ¥py TEntov [TT T2 6ot | he 62t mmqeig] L o B
76092 60" 1525 18°052S sd3 |te° 92T |e9'6eT G |0£°L2T & | uanqisod "TU "U ‘sixe
‘pauted AV TEI03 TERADYIOL' 6T 1LG € |68 1LG € TINqSI] zolButmag
€16z 10 %€ 6" LGE 38§ T (egelln guipn(aur | G2" Ch 92T CTSITAN TINQIS02] "2 "W ~oPnTi131e
70U) UOTIBJINP uINd [ " 11 6t TT 6el s S LTP EEFASCE
p— 16:12:86 16:12:g6 555TUTUIAY ~3°9°8 |65 cGe  |eg ghe ¢ |0 nie ¢ [UINQISoq|"TH ‘U TSpniIile
ucTirIATUT uIng [ gz° AR FARAN Tmasls aafody
Y BEEN TBUTUON of uBSl TeuTWwoyN REYELCREE

$073811930BJIBYD JIIANSUBHY

$5T1ST48108IBYD A103097BIL

[*3°2°F L$:6Z:00T SWI3 JUSWSUATTE [T ]

LEVWHNS HIANANYK NOILITII-OL-NHNG SdV —"XX TTEVL




35

‘WIISTW 9SNIY3 puB Jurgedaeisd JO 4INS3I PIUTqWOD 9Y3 ST UOTIBTIASD N>< ElAs
YITI 2Yy3 UC Pur ‘opnyraTB 9931taad syz uo ‘spnyIqTe sslode TBUTWOU 9U3 UO pPIsSeQ pPoleldaeiad ST 1T
‘Tw u )6 £q -TET 0% 31quo ayjy sadeysea Isansuew 9-gd4s °YJ

*apou JuTpusosk 33 JO UOTEUSOSE
*0IF0T uanq 2I0US 9yl

S9STOISXS YOTUM UJING Puodas-g*
T 191U q Puooas-9°z 3I0YS B ST 9T  STATROD
ro* 056" { - 05° 4 sdy ‘afelTn pus L0° 62 LL wLT g nlT uamqqysod Fap
wiay JoJ papusdxs AV SO V/N T/N V/X TINqsIY ¢ ATemoue onay
¢1°'4 1909 L6*09 sdy ¢pepuadxs Sc 8L TG ETH 6|91 0TH S | uangasod sdy ¢£3100T8A
Ay autdus utsy |09 LT L67YLT 5CIC6 5L 5¢ | uangaag T8TAJI8UT
welL’ 700" 00°* ¢ z8 199'0c2 |[c0°geg Lzjoe 9lg L2 | uangisod qT ‘3yTT1om
sdy ‘TENPISSL A PRI e el 650 92 | uangaig 1gel0008dg
6TL" 010" 00" A3 ]5000° 9t00° 9700" 1maqqS0d
sdy ¢Tenpise £310Taqu800
J Tenpieed A TI00" 6000 NOOOM uJmgedd Aroris 4
9 € 69 2- 99°2- <3 oclt 1 Xity) 55¢0 uIngasod| dep ‘or18uw ysed
’ sdg ‘trenprsaz = AlTEOT 1120° HTIE0™ TINgs ~343T1I TBI4I2UL
T.9°8 RE* 20— 2 sdy [or 1 13 ¢¢ IS TINq3504 -
‘paute? Ay BNV [TT T 0G ¢E DA TIng ‘uoT3BUITIUTL
609" 200" - 00" LS gt°gte [T wanqasod) . Fop ‘opou
sdy - " - ST 2uipuaodsse au3 Jo
‘paured >>< T8N0y nt chUgte tn'gee q=1d uorsuadose yIIy
. . . 0%t LOTOL U cc 0T s
88N L1769~ L g9~ . X sdy . . _ Uina3sod “TH U ‘8pN3TATY
pauted “AyY TBNIOY[SG T JOTOET 22 0ET uInqgeJldd
61°6 1T° 69 1q°69 sdJ to T 85 HGE 59 &S € uaIng3sogd “TW ‘U ' SIX®
‘pouted AV 8303 TBNIOY [0 C 072l € [9l°2lg € TIngsId Iofewtwag
N s N 0SS " (o8Bl (W BUulpniout Zlz 16 6t 16 TINq1s04] 18 U " opnrii1e
12 09°'2 19'2 " U >
jou) uorjeanp uang [9C79 VAR TAN 75 62T TINGoXg EEY-ASEE
- ON TE 1T O TS IcT DaSIUTW:dY © '3°'9°'8 137 ¢ 0t OET 6c 0T uanq3sod| "Ta ‘u T opnitlle
UCT3BIATUT uIng {Tg o [ E4%S gL hET PEGGER & 2a8ody
of ueap TBUTWON ol uBap TBUTWON J91}3weasd

S0748TI939BJIBYD J1IANSUBY

S0T3STI230BIBYD AX0303{BaL

[*3°2'F 0n:gsigeT SWI} JUSWOUTTE NWI]

RYVIWNS HIANANVIH 9-SdS = IXX JTdVL




*(9€) sdJ QT'€ JO UOT}BTASP TBNPISaI

x3

A @Ul JOJ squnoode JIOTTRL

‘9pou BUTPUSISE JY3} JO UOTSU3OSE JYSTIJI 3Yyj UO pur ‘3pn3ii(e so81taad ayjy uo ‘apnirife 293ode TRUTWOU SY3 UO Paseq

P939348394 SBM UJNG STIYL ‘uinq 31qI08p ayjz JoJ uorjeredsad ur 31910 8y} sadeysal OsT2 JIANBUBM -8dS 3U]  :QINAWWO)
7o €51 €5 sdy ‘oFeTn pum L971C PATRII3 A4 uma3sod Jap
wtay J0J pepusdxa Ay SOy [ NL €T I Tce 00" Lot aIngsJd ¢ ATswoue anJy
Zn S ng 19T 09" 16T sdy ¢ papuadxs U7 aC [SIAEAY 3 S5700L 5S¢ | uanqgsod sdg ¢ K3100T3A
Ay autdus utsy| [0 8¢ gt eh9 &d 197049 &¢ | uamgaxg T8T13J8UT
. . . b5 gcc | 78 9eh Ld woTShY I | uangaso ClydTom
gt gho 00 ‘ 28 a3sod at :
sdy ‘TenPISAI A Mtmreo—1on L 0L 00 L2 | Ganqeig 2 ge150ed
on'T ca0°- 00" . £ | Looo® 9910° 99T0" uamq3sod
,%w sdy ‘Tenpisal A 000 ey T TTRASIT IR SRS LUERDL
0T°€ 1 - 20" - <3 Sg80 ORsT = L9517 = uInGasog| Fep ‘ordue yzed
. sdy ‘trenptisax = A[TIE0 TGO - S0LT - TIMasTd| -3uB17J TBTIILUL
96T 6g° 88" 7 sag cT'T 6 te Iq €e uJanqglsog dap
‘poute? YAy (MYl T 6 EE 1H £% qIngslg ‘ucyyeurToul
. . . T
99°9 HL - 00" 22 9% €ee ls gze UANQ3$04d Z5p ‘“epou
_ sdg - - TS TT 2utpusose 2ul JO
‘poute?d Apy Tenjoy| €2 Lg €ee Lgrgee 1 uotsuaose udTy
. . N 4 s
s 5E7 94T €1°95T . g S4 [erw  T6e96 [ W90 umasodl T
pauted “Av TEnovV |26 q ¢5° 98 TL 96 dINgods
an*g L£°94T €1°95T sdy Tc e £9°GEG £ £6°6G66 € uJInqssod "TW U SIX®
‘pauTed AV [B103 TEN3OV[ TG O 62 156G ¢ | G 145 ¢ TmM3sdg Jofruruag
we" 62’9 729 039S T (@Fe[In Julpniout t6°E ARETS) £6°56 UINQ3soS| '@ 'a " SpniIile
jou) ucTjeanp uwang [ 69°c TT 56 816 TINGSXZ EEF-AS ¥
-- 0%:97:69T ON:9%:69T S9stutw:ay 3 o3 $6°¢c 2g nie ol qt1e UJITIQISO04] *TI “U ~9pn3Tile
ucT3eIATUT uang TG E TS gel eh get PRUGES £4 s380dy
iy ueap TBUTWON of ueapn TBUTWON 1939ureded
SOT38TI9308IBYD JIANSUBK S0T3STaA9308IBYD AI0323{el]

[*3°2°8 OK:T0:69T SWT3 FUSWSUTT® MYII]

AHVWWOS YFANANYW L-SdS - IIXX TIdVL




37

opn313e 9931aad 9snedaq pur SpnyIfTe 9580de Jeou pemaojied ST uanq ayj osnBISG

*£T3UBDTFTUTTS S9SBOIOUT UOTIBIASD 9pn3TaTe 288110d of ayy ‘Buiiefaeial syz Jutanp PSTTOI3UCD 30U ST

‘uang ay3 Jo pus ayz 3 artdue yged

-3U8TTJ pue spn3tudeul £3T00T5A DPAJIISSD oY O3 Po3dBaBlad SBM 3] ‘UJINg 1T1qJI08p 9Y3 ST Jsanauell g-8$d4S SYJ : QINTWHOD
HO* 09" 19° sdy ‘sFeTTn DUB L9 £€6°T0C €202 uImqysod Fop
9'1 :
wutgy J0J papusdxs Av SQM[TPETOZ 1667091 00°73T TS Xy ¢ L1smoue sunaj,
20°0T 1.°g0€ 29" 60€ sdy ‘pepuadxs c0'Te [TO"%eg 72| #1°E£2p yz|uinqisod sd3y ¢A3T100T3A
Ay sutdus utsy| J° 5t |OY GLU SCf Wo td0 G| uanqsad TBIQJI9UT
2LS” 900" 00" dg ¢ z9 | WLTCo 195 HTY 9ef <ii” T0H Y¢ | umaasoq qT ‘3ufrem
50 TempIset  Alpegee Hmwom: el w6 oy Jg| uingsag 3Je1020edg
cgg Q00° 00° . £3 | heo0o” ce0” 92E0” uIng3sod
sdy ‘TBnpIsax = A 500" T TR IS £110T13us00F
1552 850" - o1 - 3 (%A el - oneEL - uingysod| feop ‘o1fuw yzed
- sdy ‘Tenptsax = A[ BL6C T [lEOL - ROT - UIAQSXI| -3udTT TRILsul
£g 6 Ll €ge 9£°g€e 2 saJ T [ 6h EE uinq3sod EET
‘poute? “Ay Tenaoy [ LT A% [ TINqoId ‘UoT1BUTTOUL
6T° T 2c” JEX of 0T £0c 607¢0c wmaasod Fap ‘opou
sdy . _ TTRET Buipuaose ayj} Jo
pouted Ay engoy| 4 ot-toe 0T €02 mastd uorsuasse 1yITy
2l 12 6T goe- LL"r0z- sdy | 90°g  |TS°€0C 2l €02 umasod| Ly e
<pauted Xpy TEntoy [ETT 0L ¢0C GE 502 BEGUERE] T tu Cepn3TITy
90701 e et €2 HTE sdg AL €2 6EG £ | qr ong £ [ uangssod "W U Tsix®
‘pauted AV TB10% TBNIV[ B2 T |L1°%6G £ | @1 G6G £ | waasid Jolemmag
PD o el gn 2t 355 (898l SUIpNLouT IT°ST [T 61— 6L 11~ TINq3s04] T T U T opnITF(e
jou) UOTYERIND UING [ Q6 % 9166 13" 66 NI Xg 2981a9g
— on:60:g€2 on:60:g€2 Sosiutw:ay -39 d 9Lt S5 cle T0°¢1e UINQ}sOq[ "TW “U *opnitTiTe
UCTIRTIATUT uang G 137 S0c 9L'602 TINGoAg 2980dy
Ny uesy TEUTWON og uBay TBRUTUON RELET R R

SDT3STI930BIBYD I2ANSUBH

moﬁpww&mpoaudzo Axo303(eay

[*3°9°9 OR:9€:9Ee SUTY JUSWSUTTE ANI]

KIVIANS MIANAINVA 9@-SdS —"IIIXX HTIdVL




38

TARLE XXIV.- REENTRY SUMMARY®

Parameter Nominal Mean 30

Time from deorbit to 1 207.94 1 210.17 151.27
entry interface, sec

Altitude, ft 400 000 400 000 b

Apogee altitude, 217.38 216.85 3.45
n, mi.

Perigee altitude, -22.,02 -23.12 15.97
n. mi.

Semimajor axis, 3 540.08 3 539.27 10.20
n. mi. '

Right ascension of 203.06 203.07 U5
the ascending node,
deg

Inclination, deg 33.49 33.52 1.10

Inertial flight-path -1.87 -1.88 .15
angle, deg

True anomaly, deg 283.55 283.14 5.13

Eccentricity .0338 .0339 .0021

Inertial velocity, 25 814,52 | 25 809.96 28.58
fps

Spacecraft weight, 26 601.42 | 26 615,30 | 222.k2

1b

aAf‘ter transformations into uncertainties at the landing
site point (ref. 12), the deviations represent 4,2-n. mi.
down range error (30) and 6.8-n. mi. cross range error (30).

Prhe statistics were formed at 400 000-ft altitude, and
any altitude deviation would be within the noise of %he

calculations.
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TABLE XXV.- MANEUVER PROPELLANT SUMMARY

surn System Weight of propellant used, 1b
Nominal Mean 30
SPS-1 SPS 332.10 330.43 62.90
S SM RCS 0 0 0
a SPS 7 348.50 7 350.22 50.42
5ps-2 SM RCS 0 0 0
SPS-3 SPs 18 656.20 |18 658.11 | 105.42
° SM RCS 0 0 0
SPs_), SPS 1 888.65 1 888.50 14.98
- SM RCS 1L.3 14.3 0
DPS DPS 10 066.82 |10 066.16 | 143.45
IM RCS 7.33 7.33 0
SPS-5 SPS 2 798.53 2 794.20 | L9.67
SM RCS 14.3 14.3 0
Separation [ SM RCS 15.0 15.0 0.6
Phasin DPS 196.95 197.08 9.93
& LM RCS 5.13 13.01 1.32
Inserts DPS 90.26 90.17 L.86
nsertion | 1y res 5.13 8.73 5.67
csI APS #13.82 43.82 2,28
CDH APS 34.35 34.36 2.4
LM RCS 5.71 7.56 3.12
TPI LM RCS 25.26 25.52 2.10
MCC-1 LM RCS 1.60 2,00 4.68
MCC-2 IM RCS .01 2.91 12.03
APS L o07.70 4 005.52 249.9
APS BID L2 RCS k.40 b.ko 0
- SP3 169.20 168.56 1h.55
SPS-6
SM RCS 1k.3 14.3 0
SPS Lb16.11 416,88 15.20
SPS-T SM RC3 14.3 14.3 0
SPS_8 SPS 830.27 827.98 27.96
o SM RC3 14,3 14.3 0
SPS 32 439.55 |32 L4L34.88 | 1u6.72
SM RCS 86.5 86.5 0.6
Total APS L 085.87 4 083.70 | 219.92
DPS 10 354.18 |10 353.L41 | 143.88
LM RCS 54,57 T1.k6 14,65

aAPS propellant through the RCS interconnect was used
for CSI.
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APPENDIX A

COORDINATE SYSTEMS

The actual‘velocity gained and the AV residuals for the burns are
presented in tables I through XXIII. The values are given by components
in coordinate systems defined as follows:

The actual velocity gained components, AVX, AVy, and AVZ, are in

the local vertical/local horizontal coordinate system.

(r x v) xr

=1
1}

y =z xx

N
i

-r
where r = position vector in inertial coordinates at time of ignition
v = velocity vector in inertial coordinates at time of ignition

The AV residuals, V., V_, and V_, are in the spacecraft control
gx" gy gz

axis coordinates. The x, y, and z refer to the spacecraft axes rotated
T7°15' to the RCS thrust axes in the spacecraft y-z plane.
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ERROR SOURCE MAGNITUDES

TABLE B-I,- ERROR SOURCE MAGNITUDES USED IN SIMULATION®

[30 deviations]

Source CSM M
Platform misalinement angle, deg 0.033 0.057
Static gyro drift rates, deg/sec .251E-6 .251E-6
Input axis g-sensitive gyro drift, .312E-5 .312E-5
deg/sec/ft/sec?
Spin reference axis g-sensitive gyro drift, .195E-T .195E-T
deg/sec/ft/sec?
Accelerometer misalinement angles, deg .018 .018
Accelerometer biases, ft/sec? .021 .021
Accelerometer scale factors, ppm 348, 300.
Accelerometer nonlinearity coefficient, .939E-6 .939E-6
sec?/ft
Attitude misalinement angles, deg 2. 2.
Thrust cutoff uncertainty impulse, lb-sec 2499, 207.
Weight uncertainty, 1b 258, 258,
Error in RTCC estimate of weight, 1b 642, 6h2,
. b 195. 10% pPs ©33.0
Thrust uncertainty, 1b SPS 198.6 APS 87.6
RCS 3.39
I _ uncertainty, sec SPS 1.587 10% DPS c7.23
P APS 2,51k
RCS 8.79
Coefficient of drag uncertainty .6 .6

%For the rendezvous, a thrust mistrim error of 6 percent of the total AV was used as

the 30 value.

For the SPS burns, thrust mistrim data was obtained from reference 2.

MSFN

update matrices for the rendezvous and PGNCS rendezvous radar covariance matrices came from
references b and 5; references 6 and T supplied the navigation covariance matrices for the

other maneuvers.
b

SPS thrust uncertainty before crossover from the storage tank to the sump tank is

195 1b.
SPS burn.

After crossover, it is 198.6 1b.

Crossover occurs 75 seconds into the third

“The 30 thrust error randomly applied at each thrust level of the docked DPS burn was
2.1 percent of the nominal thrust at that level. For Isp’ 1.5 percent of the nominal

Isp was used as the 3¢ value.
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